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ABSTRACT ARTICLE HISTORY 
Despite being in a digital age, the diversity of young people Received 7 July 2022 
choosing to study and work in computing is of ongoing concern, Accepted 7 February 2023 


especially low numbers of girls. This paper aims to determine the 
profile of students who are more likely to aspire to be computer 
scientists and provide insights into the key factors that shape 
their aspirations in this area. We draw on questionnaire data 
from 4,983 secondary school students in England, who have a 
higher-than-average uptake of GCSE Computer Science (a 
national exam taken by students at age 16). Amongst students 
who have chosen to study GCSE Computer Science, girls have 
a lower odds of aspiring to be a Computer Scientist compared 
to boys. Amongst younger students yet to pick their GCSE 
options, there are significantly more girls than boys wanting to 
work in digital art. Multivariable regression analysis identified 
10 factors that were associated with aspirations to become a 
computer scientist. These include being a boy, being of Asian 
ethnicity, currently studying GCSE Computer Science, having a 
parent in computing, as well as having higher ‘coding self- 
belief’, elevated levels of ‘family support’ and aspiring towards 
‘technical jobs’. Implications for practice and curriculum design 
are discussed. 


KEYWORDS 
Secondary/high school; 
computing; gender 


Introduction and rationale 


There are concerns internationally about the low numbers of young people choosing 
to study and work in computing post-compulsory education (e.g. UNICEF, 2020). 
Young people lose out on the social and economic opportunities that studying 
and/or working in this area can provide for both the individual and society. In 
England, girls in particular miss opportunities to learn digital skills, which if not 
addressed, will result in their potential remaining untapped. This can perpetuate 
social inequalities through lower pay and unemployment associated with the increas- 
ing automation in the workplace (e.g. UNICEF, 2020; Vitores & Gil-Judrez, 2016). 
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Concerns about the numbers of young people in England leaving school with little 
or no digital skills, especially programming, are ongoing (e.g. BBC News, 2021; The 
Guardian, 2011). Consequently, considerable discussion has been had about the 
value of computer science and its ‘enormous importance to the economy’, as well 
as its place as a subject that underpins the sciences and engineering - subjects 
which are becoming ever more crucial (Royal Society, 2012). Furthermore, as the 
workplace becomes increasingly digitalised, the demand for digital skills, such as 
those developed by a comprehensive computing curriculum, will increase. This is 
likely to be particularly true for those young people seeking to work in ‘digital 
jobs’ such as animation, design in engineering, research and quantitative data analy- 
sis (Djumalieva & Sleeman, 2018). Research by the Learning and Work Institute 
(2021) indicates that 94% of employers in the United Kingdom (UK) believe that 
the digital skills required by their workforce will either stay the same or increase 
in the following 5 years. This demand is also highlighted by AND Digital (2002) 
who estimate an additional 3-5.7 million jobs in the UK will require digital skills 
by 2025, with the low end being equivalent to more than every graduate entering 
the workforce each year. 

At around 14-16 years of age, young people in English schools can opt in to com- 
puting with a General Certificate of Secondary Education (GCSE) qualification in Com- 
puter Science (CS). GCSE CS is a relatively new qualification that began in 2014, 
replacing the GCSE Information Communication Technology (ICT), which was fully 
discontinued in 2017. The current computing curriculum and GCSE CS have a 
greater emphasis on coding and programming as a means of creating a ‘rigorous, fas- 
cinating and intellectually challenging subject’ (Department for Education, 2012). 
However, since 2014, there are now fewer young people choosing any computing qua- 
lification at GCSE than before the curriculum changes. In 2020 alone, there were 
around 25,000 fewer young people selecting any computing GCSE subject than in 
2014 (Joint Council for Qualifications, 2014; 2020). This represents a 29% drop in 
the number of young people choosing a digital GCSE. Furthermore, the change in 
the computing curriculum appears to have disproportionately affected some groups 
of young people more than others, in particular girls, who made up just 22% of the 
GCSE CS cohort versus 43% of the GCSE ICT in 2017 (Joint Council for Qualifications, 
2017; 2020; Kemp & Berry, 2019). This represents a substantial loss of opportunity for 
young people, especially girls, to study a subject and pursue a career that can offer them 
the skills and knowledges they need to be successful in a technology-rich future (Royal 
Society, 2017). 

The apparent inequitable impact of the curriculum changes in computing needs to 
be explored further so that we can begin to address this issue. This paper, therefore, 
explores the factors associated with aspirations to work in computer science and 
who aspires to become a computer scientist. At a time when shortfalls in computing 
participation are becoming increasingly important for the individual and society, a 
better understanding of who is and who is not interested in becoming a computer 
scientist will provide valuable insights for parents, teachers, careers advisors and edu- 
cators in higher education, concerning strategies for increasing participation in compu- 
ter science. 
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Background literature 
Factors associated with the aspirations of young people in STEM and computing 


The association between the aspirations of young people and their later career choices has 
been well-studied (Croll, 2008; Hartung et al., 2005). However, whilst there is consider- 
able research on the aspirations of young people in science and engineering, there is a 
dearth of literature that looks specifically at the domain of computer science (e.g. 
Archer et al., 2013; Chan et al., 2019). Within this review of the literature on career 
aspirations, we focus on aspirations in Science, Technology, Engineering and Mathemat- 
ics (STEM), as well as computing and computer science more specifically. 

There is research to suggest that a student’s interest in science is mostly formed by the 
age of 14 and career aspirations in science at this age are strongly associated with univer- 
sity science uptake (Lindahl, 2007). Research by Gottfredson (1981) found that by 6-8 
years of age, children associate different jobs with different genders, and are less inter- 
ested in those that do not appear to be aligned with their gender. By the age of 9-12 
years, children consider some jobs as having greater status and requiring more intelli- 
gence than others and are less inclined towards those that are perceived as dissimilar 
to abilities. By the age of 14, young people have chosen their career paths based on 
their knowledge and experience of these fields up to this point in their lives and some 
years before they start work (e.g. Chen, 2009). This is confirmed by the work of 
Archer et al. (2020) who identified that job aspirations across a range of STEM and 
non-STEM jobs were generally stable between the ages of 10 and 18 years. High aspira- 
tions to work in STEM are strongly associated with being a boy, being from some min- 
ority ethnic backgrounds (especially being Asian or Black) and having elevated levels of 
cultural capital (DeWitt & Archer, 2015). Furthermore, studies have found that academic 
attainment, self-beliefs, parental influence, school environment, student interest and 
gender are among the factors that influence aspirations in young people (e.g. Archer 
et al., 2014b; DeWitt & Archer, 2015; Pottorff et al., 1996; Strand & Winston, 2008; 
Whitehead, 1996). 


Attitudes and aspirations 


Career aspirations in the STEM subjects have been associated with expectancy-value 
models that explore domain-specific self-beliefs. Where self-beliefs are positive, students’ 
aspirations in these subjects are higher (e.g. DeWitt & Archer, 2015; Eccles et al., 1998; 
Papanastasiou & Papanastasiou, 2004). Furthermore, an association exists between atti- 
tudes and aspirations in computing, but these have not yet been fully explored (e.g. Mak- 
rakis, 1993). 

There have been numerous studies that explore self-beliefs in relation to computing. 
However, most have been focused on students in the United States (e.g. Mason & Rich, 
2020; Torkzadeh & Koufteros, 1994; Vandenberg et al., 2021). In England, Leonard, 
Quinlan and Sentance (2021) found that there was a difference in attitudes towards com- 
puting between boys and girls aged 10-11 and 12-13. Girls reported less programming 
experience (e.g. He & Freeman, 2010) and seemed to show interest in computer 
science at an older age than boys, which can, in turn, impact their attitudes and future 
aspirations (Lang, 2010). Although Leonard et al. (2021) were unable to demonstrate 
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that the difference in attitudes between girls and boys had an impact on subject choice at 
age 13, they speculate that it is highly probable, especially as previous research suggests 
that girls’ computing and mathematical self-beliefs tend to correlate with participation in 
computer science (Lips & Temple, 1990). 


The classroom experience 


There is considerable literature that describes how positive experiences of STEM in 
school can increase aspirations to jobs in STEM. This includes supportive relationships 
with class teachers and teaching methods that highlight the value and relevance of science 
(e.g. Aschbacher et al., 2010; Barmby et al., 2008). Research suggests that positive class- 
room experiences can influence a young person’s decision to choose a subject post-com- 
pulsory education (e.g. Lyons et al., 2012; Murphy & Whitelegg, 2006). A study of physics 
education by Mujtaba and Reiss (2013) found that teacher support and encouragement 
were mostly associated with future participation in physics post-compulsory education. 
They found that girls were less likely to receive as much encouragement. Another recent 
study found that being underrepresented in a mixed classroom may have an impact on 
feelings of ‘belonging for girls in the computing classroom (Leonard et al., 2021). These 
studies suggest that girls may often underestimate their computing skills by comparing 
themselves to boys, who are more likely to have had more computing experience. This 
may then affect girls’ belonging and identity in computing. There is some, limited, 
research that suggests that amongst younger students (< 11 years), having positive com- 
puting experiences at school may have some role in increasing the likelihood of them 
wanting to work in computing (Tran, 2018), and that computing self-beliefs already 
differ by gender in primary school-aged children (Leonard et al., 2021). 


The impact of computing stereotypes 


Stereotypes exist in computing, where people who ‘do’ computing are considered clever 
but antisocial, which can be unattractive for young people who do not identify with those 
characteristics (Wong, 2016). The study found that whilst most enjoy computing, few 
aspired to becoming a ‘computing person’. Exposure to computer scientists who demon- 
strate stereotypical interests and characteristics has been found to reduce aspirations into 
computer science for girls, regardless of the gender of the computer scientist role model 
(Cheryan et al., 2013). Furthermore, if students believe that computer scientists demon- 
strate a ‘geek culture’, which does not align with their own view of themselves, they are 
unlikely to see the relevance of CS to their future (Varma, 2007). 


The influence of parents and carers 


Parents and carers have an important influence on the aspirations of young people (e.g. 
Archer et al., 2015), but is often under-explored in the STEM subjects (Jones & Hamer, 
2022). Archer et al. (2015) found that the strongest association with aspirations in science 
has been linked to a young person’s attitude towards science at school and the attitudes of 
their parents. Furthermore, in the physics domain, Jones and Hamer (2022) found that 
whether parents themselves enjoyed physics, if they thought of their child as academic 
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and whether they considered physics useful for getting a job, were the most important 
predictors of whether the parents thought their child would go on to study physics 
post-16. Jacobs et al. (2006) demonstrated that parents’ attitudes towards occupation 
expectations when their child was 15 were later associated with their child’s aspirations 
at 17. Furthermore, the parents’ job expectations for their child at 17 were found to be 
related to the actual job that their child had at 28. 

In the Wellcome Trust (2020) report, family science connections were identified as an 
important influence on the aspirations of young people in science. This reinforces the 
findings of Archer et al. (2012) who determined that the science career aspirations of 
young people are formed within the family environment, and therefore families play 
an important yet complex role. They describe the sum of the knowledge, attitudes, 
resources and experiences in and of science by an individual as their ‘science capital’ 
(Archer et al., 2015). The authors found that middle-class families, that had significant 
science capital, were more likely to have a child that aspired to be a scientist. In these 
families, science was as a ‘natural’ choice — albeit one that was encouraged and supported. 
Conversely in working-class families, even if the child expressed an interest in science, 
the lack of science capital within the family meant that, in many instances, there was 
less of a ‘push’ by the family towards the subject (Archer et al., 2012). 

A study by Lindley et al. (2019) of 2,074 pairs of students and their parents in second- 
ary schools in England, and found that the parents and carers of Asian, Asian British, 
Black African, Black Caribbean and Black British young people, as well as those living 
in the most deprived areas, were more likely to advise their child to take GCSE CS. 
They also discovered that both parents and students were less likely to know about 
jobs in computer science compared to more traditional subjects such as mathematics 
and that the parents of girls were less likely to talk to them about jobs in computer 
science than the parents of boys (Lindley et al., 2019). 

However, it is important to note that these links are complex in that enjoyment of 
science and positive parental attitudes do not necessarily translate into aspirations to 
be a scientist (Archer et al., 2010; DeWitt & Archer, 2015; Jones & Hamer, 2022). 


Computing jobs and interests 


There is limited research on the factors that explore aspirations in computing and com- 
puter science. Research by the Wellcome Trust (2020) found that young people aged 7- 
13 in England cited creativity, interest and relevance to real life as motivations to study 
computer science. However, lack of interest, difficulty and lack of fit with future aspira- 
tions were given as reasons for not choosing the subject. The same report found that 
computer science was more popular as a higher education subject amongst the boys sur- 
veyed than the girls, who demonstrated a greater interest in a healthcare pathway. More- 
over, the aspiration to a career in computing was not associated with GCSE Science 
attainment (Wellcome Trust, 2020). 

A qualitative study by Wong and Kemp (2018) on the career aspirations of young 
people aged 13-19 identified that many of those interviewed aspired to use their 
digital skills creatively, especially girls. They found that much of the discourse around 
computer science demonstrated gender stereotypical views, whereas that around using 
digital skills creatively did not. A pilot study by Archer et al. (2014a) in a secondary 
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school in England found that student aspirations in STEM are very resistant to interven- 
tion. However, student’s understanding of ‘where science can lead’ may be easier to 
influence and change. 

With the relatively recent changes to the computing curriculum in England, our 
study provides an opportunity to explore whether the digital aspirations of young 
people are in alignment with the current computing curriculum in co-educational 
state secondary schools. Furthermore, there is an opportunity to understand who 
aspires to be a computer scientist, and it is important that we begin to address the 
issues faced by underrepresented and underserved groups of young people in comput- 
ing. This research also enables us to compare findings with research in other areas of 
STEM and suggests how transferable ideas around ‘science capital’ can be linked to com- 
puting education. 


Methodology 


This paper uses quantitative methods to explore students’ aspirations in computing. The 
study was undertaken in 15 secondary schools with a higher-than-average uptake of 
GCSE CS in England. 

This paper aims to answer the following research questions: 


(1) What are the background characteristics of young people who are more likely to 
aspire to become a computer scientist? 

(2) Which factors influence aspirations to become a computer scientist? 

(3) Which “digital jobs’ do young people aspire to? 


The survey was online and based on the background literature described above. 
Survey items were developed using pre-validated scales where possible, with the 
addition of new items covering aspects identified as potentially useful in existing 
studies. The next subsection describes an outline of the development and deployment 
of the survey items. Composite factors were identified through factor analysis and 
detailed elsewhere (Hamer et al., under preparation). Multivariable logistic regression 
analysis was then undertaken with ‘aspiration to be a computer scientist’ as the depen- 
dent variable. 

Students from 15 co-educational state secondary schools in England completed the 
survey. Single-sex, selective and independent schools were not invited as the focus of 
the research is to explore the aspirations and experiences of diverse groups of learners 
from state schools. Schools were identified through national datasets, local contacts, com- 
puting networks and via social media. The participating schools all offered GCSE CS and 
had at least two classes of students in each GCSE year group choosing the subject, so they 
are not representative of the national population, but reflect schools with the current ‘best 
scenario’ of computer science uptake in England. Students in years 7-11 (ages 11- 16) 
were invited to complete the survey online during school time. 

The project received institutional approval on ethics, and consent was agreed with the 
schools, students and their families. Data collection was undertaken between June 2021 
and March 2022. Table 1 describes the background characteristics of the students 
surveyed. 
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Table 1. Background characteristics of the sample, split by whether they are studying GCSE Computer 
Science or if they have not yet chosen their GCSE option subjects. 
GCSE Computer Science 


Background characteristic n 

Not yet chosen, n= No, n= Yes, n= 

3300 684 927 
Gender, n (%) 4590 
Boy 1485 (50%) 282 (41%) 671 (73%) 
Girl 1316 (44%) 375 (55%) 206 (22%) 
Not listed 59 (2% 13 (2%) 19 (2.1%) 
Prefer not to say 126 (4% 13 (2%) 25 (3% 
Ethnicity, n (%) 4606 
Asian 462 (15%) 72 (11%) 153 (17%) 
Black 232 (8% 56 (8%) 49 (5% 
Chinese 29 (1% 9 (1%) 15 (2% 
Mixed 208 (7% 39 (6%) 67 (7% 
Other 212 (7% 36 (5%) 57 (6% 
White 1793 (60%) 466 (68%) 568 (62% 
Prefer not to say 66 (2% 6 (1%) 11 (1% 
Family members work in IT or a job that uses advanced 4655 
computing skills, n (%) 

Yes 1020 (33%) 205 (30%) 322 (35% 
No 1278 (42%) 343 (50%) 444 (48% 
Don’t know 754 (25%) 135 (20%) 154 (17% 
Parents/carers went to university, n (%) 4653 
Yes 1544 (51%) 346 (51%) 453 (49% 
No 726 (24%) 229 (34%) 285 (31% 
Don’t know 779 (26%) 108 (16%) 183 (20% 
Primary computing, n (%) 4195 
Yes 1913 (74%) 456 (67%) 560 (61% 
No 457 (18%) 157 (23%) 297 (32% 
I'm not sure 224 (9%) 66 (10%) 65 (7%) 
Number of books in the home, n (%) 4013 
None-few (0-25) 739 (28%) 178 (30%) 242 (30% 
Many (>26) 1857 (72%) 425 (70%) 572 (70% 
Recipient of free school meals in the last 6 years, n (%) 4606 
Yes 901 (30%) 138 (20%) 179 (19% 
No 1655 (55%) 491 (72%) 687 (75% 
Don’t know 444 (15%) 55 (8%) 56 (6%) 


The survey instrument 


The survey instrument consisted of 244 items in total, which were grouped according to 
prior research and theoretical constructs. This also included demographic information, 
items about the students’ future job aspirations, their experiences of computing, as 
well as teacher and family support. The survey began with items relating to the back- 
ground of the student (e.g. gender, year group and ethnicity). The survey was adapted 
from several sources, such as items relating to ‘cultural capital’ and the number of 
books at home (Sieben & Lechner, 2019), and whether a parent/carer works in comput- 
ing or technology (DeWitt & Archer, 2015). This was followed by Likert-type items cov- 
ering multiple aspects of the learner’s experience of classroom computing (DeWitt & 
Archer, 2015), including extra-curricular participation in computing (Quinlan, 2015), 
parental support (Jones & Hamer, 2022), job aspirations (Mujtaba & Reiss, 2013) and 
self-beliefs in coding (Vandenberg et al., 2021). Additional open-text questions around 
thoughts on gender and computer science (new item) and student descriptions of the 
‘ideal’ computer science student were also included but are not discussed in this 
paper. The survey was initially trialed in two schools, to refine the survey items 
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Table 2. Summary of composite factors. 


Items, Chronbach 


Composite factor Example items n a 

Coding self-beliefs | would like to use coding to make something new; 5 0.91 
Using code will be important in my future jobs. 

Computing and society Computers make the world a better place; 5 0.77 
Computers are a force for good. 

Computing lesson | understand everything in computer lessons; 4 0.89 
| am better at computing than my classmates. 

Computing literacy In my spare time | read about computing or IT online (e.g. news 3 0.71 


websites, blog posts); 
In my spare time | read a book, magazine or newspaper about 
computing or IT. 


Creative jobs | would like to work as a designer; 3 0.67 
| would like to work as a digital artist. 

Digital making In my spare time | make computer games; 6 0.66 
In my spare time | make phone Apps. 

Family support My parents/carers would be happy if | became a computer 4 0.83 


scientist in the future; 
My parents/carers think computing or IT is interesting. 


Perceptions of computer Computer scientists do valuable work; 6 0.78 
scientists 

Computer scientists have to be creative in their work. 

Professional jobs | would like to work as a doctor; 3 0.63 
| would like to work as a lawyer. 

Stereotypes Spend most of their time working by themselves; 5 0.70 
Are usually men. 

Teacher support My computing teacher is interested in me as a person; 6 0.91 
My computing teacher listens to what students think. 

Technical jobs | would like to work as an electrician, plumber, builder, or in a 4 0.72 

trade; 


| would like to work as an engineer. 


further prior to sharing with the 15 participating schools. Details of the validation of the 
survey instrument and individual items are described elsewhere (Hamer et al., under 
preparation). 

Exploratory factor analysis identified 12 composite factors within the survey. These 
are summarised in Table 2. 


Survey analysis 


In order to create a picture of who is likely to express aspirations to be a computer scien- 
tist, the ‘aspirations in computer science’ Likert-item was transformed into a dichoto- 
mous dependent variable. Students who reported that they “Somewhat agree’ or 
‘Strongly agree’ that they are interested in a job in computer science were interpreted 
as aspiring to become a computer scientist (‘yes’). Those that responded by saying 
they ‘Strongly disagree’, “Somewhat disagree’ and ‘Neither agree nor disagree’ in being 
interested in a job in computer science were interpreted as having ‘no’ aspirations in 
computer science. A multivariable logistic regression, which explores which variables 
most strongly predict a categorical (yes - no) outcome, was undertaken to determine 
which background variables predict aspirations to computer science. McFadden’s 
pseudo-R’ for logistic regression was found to be 0.17 for a 5-variable model of the back- 
ground characteristics (Table 2). A pseudo-R* can be up to 1 but values are generally 
much lower than a standard R?. Pseudo-R’ values between 0.2 and 0.4 are deemed an 
‘excellent’ fit by McFadden (2021). 
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To determine the job aspirations of young people who do, do not or have not yet 
chosen to study computer science, simple logistic regressions were undertaken with a 
range of other jobs as the dependent variable and gender as the independent variable. 
The jobs have been similarly transformed into a dichotomous dependent variable as 
described above. 

A further multivariable logistic regression (using a stepwise deletion method) was 
used to identify associations between the identified composite factors (Table 2) and 
aspirations in computer science in addition to the background variables. The McFadden 
psuedo-R? for this model was 0.46. 


Results 


A total of 4983 students from 15 state secondary schools took part in the survey. After data 
cleaning, they could be split into 3 groups according to whether they were studying GCSE 
CS (ages 13-16) or whether they were yet to choose the subject (ages 11-14) (Table 1). 


Who aspires to be a computer scientist? 


To identify who aspires to be a computer scientist, the Likert item “Wanting to work as a 
computer scientist’ was used as the dependent variable. Of all students in our sample, 
29% aspired to be a computer scientist. 39% of boys, 15% of girls, 31% of those whose 
gender was not listed, and 27% of those who preferred not to disclose their gender, 
wanted to work as a computer scientist, Figure 1. 

The multivariable logistic regression analysis shown in Table 3 display data as odds 
ratios to the reference groups, normally the largest group for a particular variable (e.g. 
Parent/carer not in tech or computing), and thus gives a perspective of the relative 
strength of the relationship between independent and dependent variables. 

Multivariable logistic regression modelling identified seven significant predictor back- 
ground variables, Table 3. 

Regardless of whether students have chosen to take GCSE CS, or are as yet undecided, 
girls appear to have a lower odds of aspiring to become a computer scientist than 
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Figure 1. Selected background characteristics and aspiration to work in computer science. 
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Table 3. Multivariable logistic regression models for a) background variables only b) all variables, 
including composite factors. 


a) Background variables b) All variables 
Odds 95% Odds 95% 
Ratio Confidence Difference, Ratio Confidence Difference, 
Variable (OR) Interval (Cl) % Variable (OR) Interval (Cl) % 
Being a girl ** 0.22 0.15, 0.32 -78 Taking CS GCSE 2.74 1.91, 3.95 174 
** 
Being of Asian 1.63 1.10, 2.41 63 Coding self- 2.98 2.32, 3.86 198 
ethnicity* belief ** 
Prefer not to say 4.03 1.28, 12.60 303 Computing 1.53 1.23, 1.90 53 
ethnicity * lessons ** 
Taking CS GCSE** 3.93 3.00, 5.19 293 Computing 0.61 0.47, 0.80 —39 
stereotypes 
** 
Not taking CS 0.52 0.29, 0.88 —48 Family support 1.61 1.25, 2.09 61 
GCSE* m 
Parent/carer notin 0.68 0.49, 0.94 —32 Technical jobs 2.49 2.05, 3.07 149 
tech or re 
computing * 
Unsure as to 0.39 0.20, 0.71 —61 
whether did 


computing at 
primary school* 


*P < .05, ** p < .001. 


boys (Figures 2-4). Of those students’ undecided about their GCSE subjects, 13% of girls 
and 35% of boys aspire to become a computer scientist. The odds of a girl not aspiring to 
be a computer scientist compared to boys of that group is 72% less than boys. Further- 
more, less than 4% of girls who have not chosen the course aspire to become a computer 
scientist compared to 20% of boys. In the group that have chosen GCSE CS, 44% of girls 
versus 58% of boys aspire to become a computer scientist. This represents a reduction of 
42% in the odds associated with girls aspiring to be a computer scientist compared to 
boys. Overall, someone who aspires to be a computer scientist has a greater odds of 
already studying the subject at GCSE, being a boy, of Asian ethnicity or prefer not to dis- 
close this information, have a family member in the computing or technology industry, 
and can recall doing computing at primary school. 


Which factors influence aspirations to become a computer scientist? 


When composite factors and the statistically significant background variables were added 
into a further multivariable logistic regression model, six variables were retained (Table 


Percentage of students, % 
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Figure 2. Digital job aspirations of those who have not yet chosen their GCSE subjects. Data labels are 
the odds ratios for gender (girls black, boys grey). ** p < 0.001, * P <0.05. 


INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 11 


2). Only one of the background variables ‘GCSE Computer Science - Yes’, which is the 
variable for those currently taking the subject, was kept within the model. This variable 
indicates that the odds of aspiring to be a computer scientist are almost 3 times greater 
than those younger students that have yet to choose the subject at GCSE. The five com- 
posite factors, ‘coding self-belief, ‘computing lessons’, “computing stereotypes’, ‘family 
support’ and ‘technical jobs’ were all included in the model. All, apart from ‘computing 
stereotypes’, are associated with an increase in odds of aspiration to be a computer scien- 
tist, with each increment in composite factor score. For ‘computing stereotypes’, each 1 
Likert scale incremental increase (1-5) is associated with a reduction in the odds of aspir- 
ing to be a computer scientist of 39%. 


Which digital jobs do young people aspire to and how does this vary by gender? 


The ‘not yet chosen’ 

Young people who have yet to choose their GCSE subjects are most likely to aspire to 
work in business (All = 58%, Girls = 54%, Boys = 62%), be a celebrity (All = 46%, Girls 
= 46%, Boys=45%) and work in sports (44%, Girls = 33%, Boys=54%). The most 
popular ‘digital job’ aspiration in this group is become a digital artist (All = 28%, Girls 
= 31%, Boys = 25%). The difference reflects a 26% increase in the odds of girls aspiring 
to digital art compared to boys and is the only digital subject where girls have a 
greater aspiration compared to boys. However, for those in this cohort, it is also the 
digital subject that most young people would like to pursue regardless of gender. Aspira- 
tion to become a computer scientist is lower for girls than boys in this group (All = 25%, 
Girls = 13%, Boys = 35%), with girls having 72% lower odds of wanting a job in this area 
compared to boys (Figure 2). 


Those taking GCSE computer science 

Those taking GCSE CS most aspire to work in Business (All = 60%, Girls = 53%, Boys = 

62%), be a computer scientist (All = 55%, Girls = 44% and Boys = 58%) and programmer 
(All = 51%, Girls = 42%, Boys = 54%). Despite the higher number of girls choosing com- 
puter scientist and programmer in this group, there is still a considerable difference in the 
aspirations across the digital subjects compared to boys. There is a decrease in the odds of 
a girl aspiring to digital jobs across all the subjects of between 38% and 54%, except for 
digital art which shows no statistically significant difference between boys and girls. It is 
also important to note that whilst the top 5 jobs for boys taking GCSE CS are: business, 
computer scientist, programmer, engineer and tech entrepreneur; girls aspire to the 
slightly different combination of: business, doctor, computer scientist, programmer 
and to work in education (Figure 3). 


Those who have not chosen computer science GCSE 

Those not taking GCSE CS have considerably different digital job aspirations to those 
that do take the subject, especially girls. Unsurprisingly, only 11% of students that 
chose not to take computer science wish to pursue a career as a computer scientist. 
Less than 4% of girls aspire to work as a computer scientist which contrasts with 20% 
of boys - the odds of a girl aspiring to be a computer scientist in this cohort are 84% 
less than boys. Similarly, to those who have not yet chosen and those currently taking 
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Figure 3. Job aspirations of those are currently studying Computer Science GCSE. Data labels are the 
odds ratios by gender (girls black, boys grey). ** p < 0.001, * P <0.05. 
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Figure 4. Job aspirations of those who chose not to study Computer Science GCSE. Data labels are the 
odds ratios by gender (girls black, boys grey). ** p < 0.001, * P <0.05. 


GCSE CS, digital art is the only digital job where there is no significant difference in the 
odds of girls and boys wanting to work in this area (Figure 4). 


Discussion and conclusion 


Despite a large sample size, the generalisablity of these findings needs to be considered as 
the sample of students are from schools with at least two classes of students taking GCSE 
CS. The aspirations of the students are likely to reflect the ‘best scenario’ in terms of in- 
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school opportunity for computing and computer science, and so the situation in other 
schools where there are perhaps fewer or no, specialist teachers may yield different 
results. Furthermore, we need to be mindful that an absence of aspiration to being a com- 
puter scientist does not necessarily mean that a young person will never pursue a career 
in computer science or a computing related field. However, some conclusions can be 
drawn and are discussed below. 

When considering the background characteristics of the young people in this study, 
we can see similarities with other areas of STEM such as engineering and physics. 
Girls are less likely to aspire to be a computer scientist than boys (e.g. Chan et al., 
2019). Furthermore, the association between whether a student has a parent or carer 
that works in computing or tech, is something that has also been observed in other 
areas of STEM (e.g. Archer et al., 2013; Jones & Hamer, 2022). Family support was a sig- 
nificant predictor of aspiration to become a computer scientist which gives further 
insight into the role of the family in job aspirations. If a causal link is confirmed, this 
suggests that by increasing family knowledge around jobs in computing, we will see 
increases in aspirations to computer science in the future, as suggested in the physics 
domain by Jones and Hamer (2022). Jacobs et al. (2006) and DeWitt and Archer 
(2015) found that some ethnic minority backgrounds (especially being Asian or Black) 
were more associated with aspirations in science. The same was true for this study 
with Asian (but not black students) as well as those students that ‘prefer not to say’ 
being more likely than white students to aspire to be a computer scientist. Those that 
were unsure whether they had experience of computing at primary school had a lower 
odds of aspiring to be a computer scientist than those who did computing at primary 
school. It is possible that these students who are unsure have had such little exposure 
to computing in school that they cannot identify or recall any experience at all, and there- 
fore represent a negative association with computer science aspirations. These findings, 
particularly the importance placed on parents and self-beliefs in computer science, begin 
to hint at the idea that individuals can have varying degrees of ‘computing capital’, akin 
to the idea of ‘science capital’ (Archer et al. 2015). However, further research is merited. 

The gender differences in digital job aspirations, even amongst those students choos- 
ing computer science at GCSE, are striking and concur with previous work (Wong & 
Kemp, 2018). Our findings show how the inclusion of digital art in computing education 
might help engage students, especially girls. This expands the findings of Sefton-Green 
and Brown (2014), who suggest that girls’ digital interests are more likely to be around 
‘creative’ computing (e.g. digital art) and boys’ interests are more likely to be around 
‘technical’ computing (e.g. programmer). We similarly found that digital art is popular 
with young people, regardless of gender, and with younger girls statistically more 
likely to prefer digital art compared to their boy peers. This finding is further supported 
by the regression analysis, which identified the ‘technical jobs’ composite variable as a 
significant predicator for the aspiration to work in computer science, and ‘technical 
jobs’ being historically more associated with men than women. Additionally, the aspira- 
tion to be a computer scientist was associated with ‘coding self-belief, where previous 
research (e.g. Vandenberg et al., 2021) suggests that high computing and coding self- 
beliefs are much more common amongst boys than girls. Our work takes this further 
by indicating that higher self-beliefs in coding are associated with an increased likelihood 
of having computer science aspirations. 
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Furthermore, student self-beliefs within their computing lessons are also associated 
with increased aspiration to be a computer scientist, indicating that the teacher has a 
role in supporting young people to feel more confident in their ability in the computing 
classroom. Margolis and McCabe (2006) suggested strategies for developing self-beliefs 
in the classroom, such as having a clear roadmap through the curriculum that has fre- 
quent small, achievable goals. It has previously been recognised that stereotypes, 
especially gendered stereotypes, are linked with different aspirations in STEM (e.g. 
Chambers et al., 2018; McGuire et al., 2020; Wong, 2016). So, it is unsurprising that 
stereotypical views of the computer scientist as being male, ‘odd’ and having few other 
interests were associated with a decreased likelihood of wanting to become a computer 
scientist. According to Wong (2016), to identify as a “computing person’, a student 
may have to identify in themselves stereotypical characteristics of being antisocial and 
strange, and whilst young people might be happy to do computing, few are keen on 
becoming a computing person. We do not know if the relationship between student 
background and attitudes and aspirations to be a computer scientist are causal, 
however we are confident that this is a key area to investigate in greater depth. If there 
are modifiable factors and there is a causal link, then targeted interventions can be put 
in place. For example, working with parents and carers to ensure they have information 
about the opportunities that studying computer science can offer. 

The computing curriculum in England currently has a strong emphasis on technical 
skills, especially coding (Wong & Kemp, 2018). There has been a substantial shift in 
content at GCSE, with the previous GCSE ICT emphasising collaborative working and 
communication of information and data to different audiences, and the current GCSE 
CS which prioritises skills such as designing, writing, testing and refining programmes, 
and using at least one high-level programming language (Ofqual, 2011; 2018), with large 
amounts of theory (Berry, 2019). Furthermore, computing teachers in England agree that 
programming and coding is the curriculum topic which receives the most attention in 
computing lessons (Mee, 2020). As the digital job aspirations of girls appear to be less 
well aligned with the current computing curriculum than is the case for boys, it is 
perhaps unsurprising that girls are less inclined to choose GCSE CS, Consequently, 
girls are currently less inclined to choose GCSE CS, but it seems possible with curriculum 
reform that greater gender parity in computing could be achieved. especially with moves 
towards including more digital art. 

There is no doubt that computer science is valuable for individual, national and global 
prosperity. However, when these findings are viewed with the knowledge of the current 
gender imbalance in computer science, from school to the workplace, this should be of 
concern for us all. 
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